**What is already known**

Cardiac CT has become a critical diagnostic test in the arsenal of emergency physicians. However, it is unknown whether they can properly interpret the test.

**What is new in the current study**

There was substantial discordance of cardiac CT interpretation between emergency physicians and radiologists. For now, emergency physicians need further education prior to independent cardiac CT reading.

INTRODUCTION
============

Cardiac computed tomography (CT) is useful for evaluation of undifferentiated acute chest pain in the emergency department (ED) \[[@b1-ceem-14-013],[@b2-ceem-14-013]\]. It provides a comprehensive description of the anatomy of a heart and coronary arteries within 10 to 20 minutes non-invasively \[[@b1-ceem-14-013]\]. It has high negative predictive value for acute coronary syndrome (ACS) and can also detect serious non-coronary etiologies of chest pain such as pulmonary embolism or aortic dissection. These characteristics have appealed to the needs of busy emergency physicians (EPs) and the test is rapidly gaining popularity \[[@b3-ceem-14-013]\]. Currently, the most up-to-date guideline supports its use in low to intermediate risk patients without obvious ischemic electrocardiographic (ECG) changes or biomarker elevation \[[@b4-ceem-14-013]\].

Because of its inherent difficulty, the test needs proper interpretation by someone with expertise in cardiovascular imaging \[[@b5-ceem-14-013]\]. However, the critical nature of the information the test provides frequently leads EPs to act on their own interpretation before a formal report is available despite their questionable image interpreting skills \[[@b6-ceem-14-013],[@b7-ceem-14-013]\]. Therefore it is necessary to evaluate how often the average EPs' interpretation agrees with the radiologists' and to determine whether such behavior can be regarded as safe for patients. The objective of this study was to measure the interrater agreement between EPs and radiologists in the interpretation of the cardiac CT images of ED patients with acute chest pain.

METHODS
=======

This study was a prospective observational study assessing the interrater agreement of cardiac CT image interpretation between ED physicians and radiologists. The Institutional Review Board of Seoul National University Bundang Hospital approved the study (IRB number: B-1110/137-001).

Study setting
-------------

The study facility was a urban teaching hospital with an annual ED census of 65,000 visits per year. The study was conducted in 2008 when the facility used a 64-channel multi-detector CT for cardiac imaging. At the beginning of the study, the cardiac CT imaging had been actively used for more than a year in the study ED for evaluation of patients with acute chest pain.

Study participants and patient characteristics
----------------------------------------------

A heterogeneous group of emergency medicine (EM) residents including two postgraduate year (PGY)-2 residents, two PGY-3 residents, and two PGY-4 residents participated in this study. As cardiac CT imaging had been actively used in the study ED for more than a year, they had basic knowledge about how to read a cardiac CT image. At the beginning of the study, they had undergone a one-hour training session (didactic, image review) provided by a radiologist specialized in cardiovascular imaging. The participating EPs were not blinded to the clinical information of enrolled patients which included initial examination findings, ECG and biomarker levels.

Patients presenting with acute chest pain who were determined to require a cardiac CT imaging after initial evaluation that included both ECG and cardiac biomarker tests were prospectively enrolled by the participating EPs unless the following exclusion criteria were met (1) age less than 18 years, (2) pregnancy, (3) contraindication to iodinated contrast or β-blocking agents, (4) atrial fibrillation or markedly irregular rhythm, (5) renal insufficiency (creatinine \>1.4 mg/dL), (6) high risk features or previous coronary artery bypass grafting or recent (within 6 months) percutaneous coronary intervention. High risk features included (1) ST-segment elevation, new onset LBBB or pathologic Q-wave in more than two consecutive leads, (2) positive cardiac biomarkers, (3) typical chest pain with ischemic ST-T change (ST-segment depression \>1 mm or T-wave inversion \>3 mm in more than two consecutive leads that is not proven to be old), (4) any clinical feature of decompensated heart failure, (5) recurrent ventricular arrhythmia or high-degree atrioventricular block, (6) ongoing or recurrent angina at rest or minimal effort, (7) history of recent revascularization within 6 months, and (8) previously documented high-degree stenosis without history of revascularization. Patients who developed any of the high risk features after cardiac CT imaging were not excluded. Patients with suboptimal image result were also not excluded.

Interventions
-------------

All enrolled patients were provided with the usual standard care which was consistent with 2005 American Heart Association guidelines for acute coronary syndrome \[[@b8-ceem-14-013]\]. For heart rate control, 100 mg of metoprolol was administered orally to patients with resting heart rate above 70 bpm. If further rate control was indicated, intravenous esmolol bolus injection was administered just before the test. Participating EPs read cardiac CT images right after the imaging process. Relevant clinical information and the CT findings observed by the participating physicians were recorded on a study registry form. Although the participating physicians were allowed to make clinical decisions based on their own readings, it was recommended that they wait for a formal report from the radiology department before making any new significant decision. Patients without significant coronary and/or non-coronary lesions were discharged from the ED if no other conflicting clinical findings existed. Upon discharge, a follow up visit to cardiology was arranged.

Data collection and processing
------------------------------

Cardiac CT findings reported by EPs included the presence and severity of coronary artery stenosis and plaque calcification and other miscellaneous/extra-cardiac findings. The evaluation of stenosis and plaque calcification was done separately for each anatomic unit of coronary arteries (left main artery \[LM\], left anterior descending artery \[LAD\], left circumflex artery \[LCx\], right coronary artery \[RCA\]) using visual estimation. If there were multiple coronary stenosis/plaques in an arterial unit, the most significant lesion in the unit was sought and analyzed. The severity of stenosis was classified as one of three levels: (1) no stenosis, (2) clinically non-significant stenosis (stenosis less than 50%), and (3) significant stenosis (50% or more). The severity of plaque calcification was measured for the same lesion for plaque characterization that might provide additional prognostic information \[[@b9-ceem-14-013]\]. The severity of plaque calcification had four levels which were (1) no plaque, (2) calcified plaque (calcified area occupies 50% or more), (3) mixed plaque (less than 50%), and (4) non-calcified plaque. Further distinction between fibrous and lipid-rich plaques was not done because of their wide overlap \[[@b10-ceem-14-013]-[@b12-ceem-14-013]\]. Radiologists' interpretation of the same cardiac CT images was reformatted to make direct comparison with the EPs' interpretation. To assess the longterm (1 year) progress of patients discharged from EDs, the occurrences of major adverse cardiac events (MACE) within a year after discharge from the ED was assessed by patient chart review if there were regular follow-up visits during the first year. Otherwise, a structured telephone interview was performed by an assistant researcher.

Statistical analysis
--------------------

The interrater agreement between EPs and radiologists were assessed with Cohen's kappa and Gwet's AC1. The kappa coefficient is commonly used to evaluate the interrater agreement of categorical variables between two observers. A kappa value of 1 represents a perfect agreement, whereas a kappa value of 0 represents agreement equal to that of chance alone. A negative value implies that agreement is worse than chance alone. Landis and Koch \[[@b13-ceem-14-013]\] characterized values \<0 as indicating no agreement and 0--0.20 as slight, 0.21--0.40 as fair, 0.41--0.60 as moderate, 0.61-- 0.80 as substantial, and 0.81--1 as almost perfect agreement. But the reliability of kappa statistics has been questioned as it is affected by the rater's classification and risk prevalence of the subjects \[[@b14-ceem-14-013]-[@b16-ceem-14-013]\]. Gwet \[[@b17-ceem-14-013],[@b18-ceem-14-013]\] introduced an alternative "AC1" which is more stable agreement coefficient. The AC1 statistic can be interpreted similarly \[[@b17-ceem-14-013]\]. We calculated and reported both of the coefficients in addition to the proportionate agreement. The data were analyzed using IBM SPSS ver. 19.0 (IBM Co., Armonk, NY, USA) and Agreestat (Advanced Analytics, Gaithersburg, MD, USA; <http://www.agreestat.com>).

RESULTS
=======

A total of 104 patients with primary complaints of acute chest pain or discomfort were prospectively enrolled from May 2008 to June 2008. One patient with previous history of coronary artery bypass graft was excluded due to protocol violation. Baseline characteristics of the remaining 103 patients are summarized in [Table 1](#t1-ceem-14-013){ref-type="table"}. The mean age was 56±2 years, with 47.6% being men. Heart rate control was required in 84 patients (81.6%). Average heart rate just before CT imaging was 65±8. EPs described 22 cardiac CT (21.4%) as difficult to read. Relatively frequent complaints were beam-hardening/blooming effect due to dense calcification (n=11), motion artifact (n=6), and hypoplastic vessel (n=4). Following CT acquisition, two patients' serial troponin level increased above reference range and six patients' serial ECGs showed significant dynamic ST-T change.

The detection of stenosis on each of the four anatomic locations including LM, LAD, LCx, and RCA by EPs was compared to that of radiologists' formal reports ([Table 2](#t2-ceem-14-013){ref-type="table"}). Among the 412 arterial segments that were analyzed by the radiologists, 17 arterial segments (4.1%) showed significant stenosis (\>50% stenosis) and 53 arterial segments (12.9%) showed non-significant stenosis. The grading of stenosis was identical in 363 segments (88.1%) and the interrater agreement was good (kappa=0.6439, AC1=0.8810). Cases rated as 'not difficult to read' (n=324, 78.6%) were analyzed separately. In 305 segments (94.1%), the grading of stenosis was identical, and the calculated kappa and AC1 values were 0.7552 and 0.9306, respectively. Separate analysis of each coronary artery segment showed a similar rate of agreement. Stenosis grading of the LM, LAD, LCx, and RCA was identical in 87.4%, 86.4%, 91.3%, and 87.4%, respectively. Each segments' kappa values varied significantly (0.1421, 0.7400, 0.6929, 0.6384) while their AC1 values did not (0.8667, 0.8499, 0.9266, 0.8813).

Of the seventeen arterial segments reported as having significant stenosis by radiologists, EPs classified six as non-significant ([Fig, 1](#f1-ceem-14-013){ref-type="fig"}, [Table 3](#t3-ceem-14-013){ref-type="table"}). EPs also classified 9 of 395 segments that were reported as non significant by radiologists as having significant stenosis of which two were proved to be significant by subsequent invasive coronary angiography. All other discrepancies were regarding the presence of any minor (non-significant) stenosis.

Four hundred and nine arterial segments were analyzed for interrater agreement of plaque characterization. Three hundred fifty-four segments (86.6%) were identical and the kappa and AC1 values were 0.5660 and 0.8501, respectively. Among 323 (80.0%) 'not difficult to read' segments 300 segments (92.9%) were identically classified. Overall kappa and AC1 value were 0.6626, 0.9234, respectively. Separate analysis of the LM, LAD, LCx, and RCA showed kappa values of 0.3036, 0.6338, 0.4297, and 0.4297, respectively. AC1 value of each of them was 0.8982, 0.7784, 0.8408, and 0.8408 ([Table 4](#t4-ceem-14-013){ref-type="table"}).

Among the 103 study patients, 19 patients (18.5%) were admitted for further evaluation and management. Seventeen patients were admitted to cardiology and two to other departments. Fifteen of the 17 patients underwent coronary angiography and 10 were found to have significant stenosis. The two patients who were admitted to the non-cardiology wards were diagnosed as common bile duct stone and newly-diagnosed lymphoma, respectively. Among the 84 patients who were discharged, two patients were admitted at a follow-up visit to the cardiology outpatient department because of recurrent symptoms. Both of them underwent invasive coronary angiography which found no significant fixed stenosis. Each of them were given a presumptive diagnosis of vasospasm and myocardial bridging, respectively. Sixty-eight patients without significant stenosis were followed more than a year after ED discharge. None of them experienced MACE during the first year.

DISCUSSION
==========

There have been several studies measuring the interrater agreement of cardiac CT interpetation between radiologists. Their study population and the method of measurement (visual or machine assisted) as well as the resultant agreement coefficients varies significantly. One of the studies adopted visual estimation basedmeasurement for each of the arterial segments, which is similar to the present study. The measured interrater agreement of stenosis grading between radiologists reported in the study was far better (kappa=0.85) \[[@b19-ceem-14-013]\] compared to the measured interrater agreement between emergency physicians and radiologists in the present study (kappa=0.6439). Although the prevalence of significant stenosis was much lower (4.1% vs. 40.3%) and AC1 value was still high (AC1=0.8810) in the present study, we think that the interrater agreement between radiologists and EPs is not good enough. Considering that six of seventeen segments with significant stenosis reported by radiologists were rated as nonsignificant (n=4) or normal (n=2), EPs' independent interpretation of the cardiac CT is not justifiable for now.

In patients whose images were 'not difficult to read,' the discrepancy of stenosis grading between EPs and radiologists was relatively low. In that subgroup, 94.1% of the analyzed segments had identical interpretation and the interrater agreement coefficients were higher (kappa=0.7552, AC1=0.9036). We assume that a perfect agreement (kappa value more than 0.8) could be achieved in this subgroup, if more comprehensive education was provided.

Plaque characterization can help EPs to localize culprit lesions \[[@b20-ceem-14-013]\]. The three CT characteristics of culprit lesions (positive vascular remodeling, non-calcified plaque with low HU \[\<30\], spotty calcification) were previously reported \[[@b9-ceem-14-013]\]. In the present study, we could test the calcification density of plaques only. The overall interrater agreement of plaque characterization using this method was even worse than that of stenosis grading (kappa=0.5660, AC1=0.8501). However, they were better in the 'not difficult to read' subgroup (kappa=0.6626, AC1=0.9234).

Limitations of this study are as follows. (1) Even the formal reports from radiologists specialized in cardiovascular imaging are not the gold-standard. And this study we measured only the interrater agreement of coronary CT interpretation between radiologists and EPs. (2) The agreement coefficients such as kappa should be interpreted in the context of population characteristics \[[@b17-ceem-14-013]\]. Direct comparison with other studies cannot be justified. (3) More detailed description of plaque and stenosis localization using an 18 or 28 segment system has been recommended for formal reporting of coronary CT reading \[[@b21-ceem-14-013]\]. However we think it is not practical as EPs who participated in this study have limited knowledge and such fine segmentation could cause spuriously low interrater agreement due to discordant localizations. (4) Ancillary findings such as coronary calcium score, wall-motion abnormalities, systolic function and extra-cardiac abnormalities were not analyzed, because of the scarcity of such findings. (5) Only a limited number of EM residents from a single institution participated in this study and the results of this study cannot be generalized to all EM physicians.

In conclusion, the overall interrater agreement for stenosis grading and plaque characterization between EPs and radiologists was not good enough to justify EPs' independent interpretation and further management based on it. Therefore, for now, EPs need further education before being allowed to independently read cardiac CTs.

No potential conflict of interest relevant to this article was reported.

This study was supported by Seoul National University Bundang Hospital (SNUBH) grant 11-2008-033.

![Missed significant lesions by emergency physicians. (A) Left main coronary artery (LM, arrows) and left anterior descending coronary artery (LAD, arrowheads) stenoses (B), LM stenosis (arrows), and (C-E) LAD stenosis (arrows).](ceem-14-013f1){#f1-ceem-14-013}

###### 

Patient characteristics

  Characteristic                                                   Value
  ---------------------------------------------------------------- -----------
  Age (yr)                                                         
   Total population                                                56 ± 15
   Male (n=49)                                                     54 ± 14
   Female (n=54)                                                   59 ± 15
  Cardiovascular risk factors                                      
   Family history                                                  13 (12.6)
   Hypertension                                                    42 (40.8)
   Dyslipidemia                                                    15 (14.6)
   Currently smoke cigarettes                                      20 (19.4)
   Past smoking history                                            8 (7.8)
   Diabetes mellitus                                               11 (10.7)
  Past history of coronary disease and treatment                   
   Stable angina                                                   9 (8.7)
   Unstable angina                                                 2 (1.9)
   Myocardial infarction                                           2 (1.9)
   Stent in situ                                                   4 (3.9)
  Electrocardiogram                                                
   Normal electrocardiogram                                        77 (74.8)
   Abnormal but non-diagnostic ST-T change                         20 (19.4)
   Ischemic ST-T change after computed tomography                  6 (5.8)
  Heart rate control                                               
   Use of nodal blocker                                            84 (81.6)
   Heart rate immediately before computed tomography (beats/min)   65 ± 8

Values are presented as mean±SD or number (%).

###### 

Interrater agreement of coronary artery stenosis between emergency physicians and radiologists

  Agreement                            Whole segments   \"Not difficult\" subgroup   LM     LAD    LCx    RCA
  ------------------------------------ ---------------- ---------------------------- ------ ------ ------ ------
  Percent agreement (%)                88.1             94.1                         87.4   86.4   91.3   87.4
  AC1                                  0.88             0.95                         0.87   0.85   0.93   0.88
  Kappa                                0.64             0.76                         0.14   0.74   0.69   0.64
  Presence of significant lesion (%)   96.1             99.1                         95.1   95.1   98.1   96.1

LM, left main coronary artery; LAD, left anterior descending coronary artery; LCx, left circumflex coronary artery; RCA, right coronary artery; AC1, first-order agreement coefficient.

###### 

Missed significant lesions (\>50% stenosis) by EPs

  Age   Sex   Location   EP interpretation   Difficulty   Radiologist interpretation   Coronary angiography
  ----- ----- ---------- ------------------- ------------ ---------------------------- ----------------------
  72    F     LM          \< 50%, mixed      Difficult     50%--60%, mixed              50%--60%
              LAD         \< 50%, mixed      Difficult     60%, mixed                   \> 90%
  42    F     LM          No lesion          Easy          \> 90%, non-calcified        90%
  65    M     LAD         \< 50%, mixed      Difficult     \> 90%, mixed                Total occlusion
  70    F     LAD         No lesion          Difficult     80%, mixed                   90%
  65    F     LAD         \< 50%, mixed      Difficult     95%--99%, non-calcified      99%

EP, emergency physician; LM, left main coronary artery; LAD, left anterior descending coronary artery.

###### 

Interrater agreement of plaque characterization between EPs and radiologists

  Agreement               Whole segments   \"Not difficult\" subgroup   LM     LAD    LCx    RCA
  ----------------------- ---------------- ---------------------------- ------ ------ ------ ------
  Percent agreement (%)   86.6             92.9                         90.3   81.6   85.4   86.4
  AC1                     0.85             0.92                         0.90   0.78   0.84   0.84
  Kappa                   0.57             0.66                         0.30   0.63   0.43   0.43

EP, emergency physician; LM, left main coronary artery; LAD, left anterior descending coronary artery; LCx, left circumflex coronary artery; RCA, right coronary artery; AC1, first-order agreement coefficient.
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